SUMMARY Quantitative clinical and computed tomographic (CT) measures of Graves' ophthalmopathy were obtained in 76 patients. Significant correlation of several CT parameters of the mid-orbital axial CT slice with optic nerve involvement was established. By means of clinical measures, only limitation of ocular motility was found to correlate with the optic neuropathy. The results suggested that there were two distinct populations of patients with Graves' disease which could be segregated by CT scan and clinical evaluation, one which developed optic neuropathy and one which did not. Therefore simple measures performed on the mid-orbital slice of the CT scan are recommended for all patients with Graves' ophthalmopathy as an important adjunct to careful evaluation of extraocular muscle function, in order to identify patients at risk of developing optic neuropathy.
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Computed tomography is a useful technique in the assessment of Graves' ophthalmopathy."' When used in association with limitation of extraocular muscle function, computation of total extraocular muscle volume on CT identifies the population at risk for developing optic neuropathy."7 However, several quantitative measures other than total extraocular muscle volume have now been shown to be highly correlated with total volume. These new measures are much easier and faster to obtain by either automatic or manual techniques of analysis.8 The purpose of this paper is to correlate these other CTderived measures with clinical manifestations of Graves' ophthalmopathy. In so doing, an optimal technique for assessing patients with Graves' ophthalmopathy can be established.
Material and methods
One hundred and fifty-two orbits in 76 patients with Graves' ophthalmopathy were studied and have been described in a companion paper.8 An analysis of CT scans was performed, consisting of the quantitative
Correspondence to E Sverker Hallin, MD, Ogonkliniken, Sahlgrenska sjukhuset, S-413 45 Goteborg, Sweden. estimation of extraocular muscle volume, mid-orbital extraocular muscle area (the area of medial and lateral recti being added together), mid-orbital medial rectus muscle area, and width ( Fig. 1) . Furthermore, on the mid-orbital axial CT slice (defined as that section imaging the crystalline lens, the optic nerve head, and the optic canal) preseptal area, proptosis, and the ratio of orbit to fat were calculated. The derivation of these CT measures has been described in detail elsewhere. A scatterplot comparing preseptal area with proptosis showed a linear relationship through about 70% of the total range of proptosis. After proptosis was maximal, preseptal area continued to increase. Therefore, preseptal area was a more effective quantitative measure of orbital swelling in Graves' ophthalmopathy than were Krahn or Hertel readings (Fig.3) .
MEASURES IDENTIFYING PATIENTS AT RISK FOR OPTIC NEUROPATHY
An attempt was made further to compare the ability of various CT and clinical measures to confirm the presence or predict the development of optic neuro-Graves' ophthalmopathy: II. Correlation ofclinical signs with measures derivedfrom computed tomography 681 pathy. These comparisons were performed using multiple t tests. Therefore, only p values less than 0*001 were considered statistically significant. These data are summarised in Table 2 . Virtually all CT measures, including muscle width, could significantly (p<O-OOOl) distinguish the groups that either had or developed optic neuropathy from the group that did not have optic neuropathy. The only clinical measures that distinguished these groups were total limitation of extraocular motility and periorbital oedema. Neither CT measures nor clinical measures of Graves' ophthalmopathy successfully differentiated between the group that presented with optic neuropathy and the group that developed optic neuropathy. Some nearly significant differences were detectable between these groups by CT measures of extraocular muscle area (p<0.006) or volume (p<0*008).
Discussion
Clinical and CT measures of Graves' ophthalmopathy have been compared, especially with regard to their relationship to optic neuropathy. All CT measures of extraocular muscle enlargement correlated significantly; muscle area and total muscle volume were the most highly correlated. The only clinical measures that correlated significantly with optic neuropathywere limitation of ocular motility and perhaps periorbital oedema, confirming a prior study.6
Along with other CT-derived measures, medial rectus width, which may be obtained manually, was reliably able to distinguish between the group that would develop optic neuropathy and the group that would not. There seemed to be no reliable way of distinguishing the group that developed optic neuropathy from the group that presented with optic neuropathy. Therefore it is likely that these groups were in fact the same population.
This study has established quantitative CT evaluation of the extraocular muscles and preseptal area as the most important parameters in assessing and following up patients with Graves' ophthalmopathy. Muscle area can be determined by the radiologist using morphometric analysis available on most CT scanners. Similarly, preseptal area is easy to calculate and is a better measure of anterior manifestations of' Graves' ophthalmopathy than are either Krahn exophthalmometry or clinical evaluation of periorbital oedema. If automatic analysis is not available, medial rectus muscle width is an exceptionally easy measure to obtain manually for evaluating risk of optic neuropathy, requiring only a single mid-orbital thin CT section and no special equipment, training, or calculation.
Although many clinical signs are of value in diagnosing orbital involvement with Graves' disease, limitation of motility and optic nerve changes only need be regularly evaluated once a baseline orbital CT scan has been performed and measured.
